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L (currently amended) A method for programming a memory cell comprising a first electrode, a 
second electrode and an inter-electrode layer of material, comprising: 

applying stress to the inter-electrode layer to induce a progressive change in a property of 
said inter-electrode laye r, by applying a plurality of pulses of voltage less than 5 volts across the 
first and second electrodes , 

2. (currently amended) The method of claim J_0 ±, wherein said inter-electrode layer comprises a 
dielectric, and said property is resistance. 

3. (currently amended) The method of claim 10 ±, wherein said inter-electrode layer comprises 
an ultra-thin layer. 

4 . (currently amended) The method of claim 10 -t, wherein said inter-electrode layer of material 
comprises silicon dioxide having a thickness less than 20 Angstroms. 

5. (currently amended) The method of claim 10 4-, wherein said inter-electrode layer of material 
comprises silicon oxynitride having a thickness less than 20 Angstroms. 

6 (currently amended) The method of claim 10 4-, wherein said inter-electrode layer of material 
comprises silicon dioxide having a thickness less than 15 Angstroms. 

7. (currently amended) The method of claim 10 + 7 wherein said inter-electrode layer of material 
comprises silicon oxynitride having a thickness less than 15 Angstroms. 

8,. (currently amended) The method of claim H) 4-, wherein said material in said inter-electrode 
layer of material comprises at least one of AI2O3, YTa 2 0 5 , HfO^ Y 2 0 3> Ce0 2 , Ti0 2 , HfSi x O y , 
IlfSiON, HfAlOx, TaO x N y , ZrQ 2 , ZrSi x O y , La20 3 , and ZrQ 2 



PAGE 4/18 * RCVD AT 4/1412005 12:51:32 PM [Eastern Daylight Time] * SVR:USPT0^EFX^1/1* DN1S:8729306 * CSID:650 712 0263 * DURATION (mm-ss):05-34 



Apr. 14. 2005' 9:45AM Havnes Beffel & Wo I f e I d LLP No. 1344 P. 5 

Application No, 10/642,249 MXIC 1 553-3 

(P920080) 

9. (currently amended) The method of claim 10 -t, including, after applying said stress to cause 
said progressive change in the property, generating a signal indicating the property, and 
comparing the signal with a reference signal to verify programming of desired data. 

J 0. (currently amended) A method for programming a memory cell comprising a first electrode, 
a second electrode and an inter-electrode layer of material, comprising: 

applying stress to the inter-electrode layer to induce a progressive cha nge in a property of 
said inter-electrode layer: The mothod of claim 1, including, 

after applying said stress to cause said progressive change in the property, generating a 
signal indicating the property, and comparing the signal with a reference signal to verify 
programming of desired data; and 

if said verifying fails, then applying stress again to cause additional change in said 
property. 

1 1; (currently amended) A method for programming a memory cell com prising a first electrode, 
a second electrode and an inter-electrode layer of mate rial, comprising: 

■ applying stress to the inter-electrode layer to induce a progressive change in a property of 

said inter-elcctrode layer: The mothod of claim 1 , including, wherein said memory cell 
comprises an element of a memory array, and -a plurality of levels of said property are associated 
with respective numbers of program cycles applied to the memory array, and including: 

maintaining a record of a number of program cycles applied to the memory array; 

producing a reference signa l, the reference signal having a value corresponding with said 
number of program cycles; 

after applying said stress to cause said progressive change in the property, generating a 
signal indicating the property, and comparing the signal with said reference signal to verify 
programming of desired data 

12. (currently amended) The method of claim H wherein- said memory coll comprises an 
cl e ment of a m e mory array, and a plural ity of levels of said prop e rty ar e associat e d with 
r esp e ctiv e numbers of program cycles applied to tho memory array, and including: 
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maintaining a record of a numb e ? - ef program cycles applied to th e memory array; 

providing a source of two reference signals , the two reference signals h aving respective 
values corresponding with first and second program cycles; 

after applying said stress to cause said progressive change in the property, generating a 
signal indicating the property, and comparing the signal with a reference signal corresponding 
with said number of program cycles selected from said two reference signals to verify 
programming of desired data, . 

13 .. (currently amended) The method of claim 11 ±, wherein said memory cell comprises an 
element of a memory array, and a plurality of levels of said property are associated with 
respective numbers of program cycles applied to the memory array, and including: 

m aintaining a record of - a numb e r of program cycles applied to the? momory array; 

providing a source of three reference signals , the three reference signals having 
respective values corresponding with first, second, and third program cycles; 

after applying paid stress to causo - said progressive change in th e property, generating a 
signal indicating the property, and comparing the signal with a reference signal corresponding 
with said number of program cycles selected from said three reference signals to verify 
programming of desired data 

14. (currently amended) The method of claim U 4-, whoroin gold memory coll compriaea an 
cl e m e nt of a memory array, and a plurality of lovola of said prop e rty arc aooociot e d with 
resp e ctiv e numbers of program oyolca appli e d to the momory array, and including: 

m aintaining a record of a number of program cycl e s appliod to the memory array; 

providing a source of a plurality of reference current s, including said reference signal, 
corresponding with respective numbers of program cycles; 

after applying said stress to caus e said progressiv e chango in th e prop e rty, g e nerating a 
sig nal curr e nt indicating the proporty, and comparing the signal current with a selected reference 
current selected from said plurality of reference currents and corresponding with said number of 
program cycles, to verify programming of desired data. 
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15- (currently amended) A method for programming a memory cell comprising a first electrode, 
a second electrode and an inter-electrode layer of material comprising: 

applying stress to the inter-electrode layer to induce a progressive change in a property of 

said inter-electrode layer; Th e method of claim ■ 1, inoliiding, wherein a plurality of levels of 
said property are associated with respective values of multiple bits of data in the memory cell, 
and including: 

providing a value for said multiple bits of data to be programmed in the memory cell; 
producing a reference signal corresponding with said value; 

after applying said stress to cause said progressive change in the property, generating a 
signal indicating the property, and comparing the signal with said reference signal to verify 
programming of said value . 

16. (currently amended) The method of claim 1_5 +, wherein a plurality of - levels of said prop e rty 
ar e associat e d with r e sp e ctive voluca of multipl e bits of data in th e m e mory c e ll, and including: 

providing a value for said multipl e bite of data to b e- preg g ammod in the - memory c e ll; 

providing a source of a plurality of r e f e rence currents corr e sponding with r e sp e ctiv e 

values for said multipl e bite; 

nftnr applying said str e ss to caus e said progr e ssiv e chango in tho property, generating said 

reference signal comprises a reference current and signal indicating said property comprises a 
signal current indicating the property, and comparing the signal current with a selected reference 
current selected from $aid plurality of reference currents and corresponding with said value, to 
veri fy programming of said value 

17. (currently amended) A method for programming a memory cell comprising a first electrode, 
a second electrode and an inter-electrode layer of material, comprising: 

a pplying stress to the intcr-electrode layer to induce a progressive change in a property of 

said inter-electrodc layer: Th e method of claim 1 > includin g ; wherein a plurality of levels of 
said property are associated with respective values of multiple bits of data in the memory cell, 
and including: 

providing a value for said multiple bits of data to be programmed in the memory cell; 
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providing a source of at least three reference currents corresponding with respective 
values for at least two bits; 

after applying said stress lo cause said progressive change in the property, generating a 
signal current indicating the property, and comparing the signal current with a selected reference 
current selected from said three reference currents and corresponding with said value, to verify 
programming of said value. 

1 8. (currently amended) The method of claim 17 h wh erein a plurality of levels of said property 
aro associated with respective values of multiple bits of data in tho memory cell, and including: 

providing a value for said multiple bits of data to be programmod in the memory coll; 
providing a source of seven reference currents corresponding with respective values for 
three bits; 

aft e r applying said stress to cause said progressive change in the property, gen e rating a 
signed current indicating tho property, and comparing the signal current with a selected reference 
current selected from said seven reference currents and corresponding with said value, to verify 
programming of said value. 

19. (currently amended) A method for programmin g a memory cell comprising a first electrode, 
a second electrode and an inter-electrode laver of material, comprising: 

applying stress to the inter-electrode lavcr to induce a progressive change in a property of 
said inter-electrode laver: wherein after applying said stress, sensing whether said property 
exceeds a first reference level to indicate a first stored value, and then applying stress another 
time to cause additional progressive change in said property to change the stored value, and 
sensing whether said property exceeds a second reference level to indicate the changed stored 
value. 

20. (currently amended) A method for programmi ng a memor y cell compri sing a first electrode, 
a second electrode and an inter-electrode laver of materi al comprising: 

applying stress to the inter-electrode laver to induce a progress ive change in a property of 
said inter-electrode layer: wherein said applying stress includes: 

applying a first program pulse to the cell having a first pulse height and a first pulse 
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width; 

determining whether the cell is programmed in response to the first program pulse; and if 

not 

applying a pro gram retry pulse to the cell; 

determining whether the cell is programmed in response to the program retry pulse; and 

if not 

itcratively applying another program retry pulse to the cell and determining whether the 
cell is programmed, until the cell is determined to be programmed or a maximum number of 
retries is made; 

wherein the program retry pulses have respective pulse widths and pulse heights which 
vary according to a pattern in which at least one program retry pulse has a different pulse width 
or different pulse height than other program retry pulses in the pattern. 

2h (currently amended) A method for programming a memory array multiple times, comprising; 

applying stress to selected memory cells in said array to set values of a property of said 
selected memory cells; 

maintaining a record of a number of program cycles applied to said array; 

producing a reference signal , the reference signal having a value corresponding with said 
number of program cycles, wherein said value of said_r eference signal is changed progressively 
for succeeding program cycles; 

after applying said stress, generating a signal indicating the value of said property 
programmed in a selected memory cell, and comparing the signal with said reference signal to 
sense data stored in the selected memory ceil 

22. (original) The method of claim 21 , wherein said providing a reference signal includes: 

providing a source of two reference signals corresponding with first and second program 
cycles, and selecting one of the two reference signals for the first program cycle and selecting the 
other of the two reference signals for the second program cycle. 
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23. (original) The method of claim 21, wherein said providing a reference signal includes: 

providing a source of first and second sets of reference signals, said first and second sets 
corresponding with respective first and second program cycles, and said first and second sets 
comprising respective pluralities of reference signals corresponding with respective values for 
multiple bits of data stored in the selected memory cell; 

selecting a reference signal from the first set for the first program cycle and selecting a 
reference signal from the second set for the second program cycle. 

24. (original) The method of claim 21, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-el ectrodc layer, and said inter-electrode layer has a property characterized by a 
progressive change in said property in response to said stress, 

25. (original) The method of claim 21, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-electrode layer comprises an ultra-thin layer. 

26. (original) The method of claim 21 , wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-electrode layer comprises a layer of silicon dioxide 
less than 20 Angstroms thick 

27- (original) The method of claim 21, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-electrode layer comprises a layer of silicon dioxide 
less than 1 5 Angstroms thick. 

28- (original) The method of claim 21, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-electrode layer comprises a layer of silicon oxynitride 
less than 20 Angstroms thick. 



PAGE 10T18 4 RCVD AT 4/MOS05 12:51:32 PM pEastem IkylgM Tlmel • SVIU^odwAil 1 DM8:872S306 • C8ID:B50 712 0263 * DURATION (nmKS)^34 



Apr - U- 2005 9:47AM Hav nes Beffel & Wolfeld LLP No. 1344 P. II 

Application No. 1 0/642,249 MXIC 1 553-3 

(P920080) 

29. (original) The method of claim 21 , wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-electrode layer comprises a layer of silicon oxynitride 
less than 15 Angstroms thick. 

30. (currently amended) A method for resetting data stored in a memory array, where data in the 
memory array is stored by setting a property of memory cells in the array , said property resulting 
in a value for a signal produced to sense the data having a level above or below a reference level 
to indicate a data value, comprising: 

changing the reference level after storing data in the array . 

31. (canceled). 

32. (original) The method of claim 30, wherein said changing the reference level comprises 
changing a reference used for sensing a level of said property of memory cells in the array. 

33.. (original) The method of claim 30, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said property comprises resistance, and wherein said changing 
the reference level comprises changing a reference current used for sensing a level of resistance 
of memory cells in the array. 

34. (original) The method of claim 30, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-electrode layer is characterized by a progressive 
change in said property in response to said stress. 

35. (original) The method of claim 30 ? wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an jnter-clcctrode layer, and said inter-electrode layer comprises an ultra-thin layer. 
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36 (original) The method of claim 30, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-electrode layer comprises a layer of silicon dioxide 
less than 20 Angstroms thick. 

37. (original) The method of claim 30, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-electrode layer comprises a layer of silicon dioxide 
less than 15 Angstroms thick. 

38. (original) The method of claim 30, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an jnter-elcctrode layer, and said inter-electrode layer comprises a layer of silicon oxynitride 
less than 20 Angstroms thick. 

39. (original) The method of claim 30, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said intcr-electrode layer comprises a layer of silicon oxynitride 
less than 15 Angstroms thick. 

40. (currently amended) A method for programming data stored in a memory array multiple 
times, comprising: 

setting a property of memory cells in the array , said setting resulting in resp ective values 

for signals produced to sense the data having levels above or below a first reference level to 

indicate data values in said memory cells; 

resetting the array by changing the reference level to a second reference level; and 

after said resetting, s etting the property of memory cells in the array^said setting resulting 

in respective values for signals produced to sense the data having levels above or below the 

second reference level to indicate said data values in said memory cells. 
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4L (original) The method of claim 40, wherein said changing the reference level comprises 
changing a reference used for sensing a level of said property of memory cells in the array 

42. (original) The method of claim 40, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-clectrode layer is characterized by a progressive 
change in said property in response to said stress. 

43. (original) The method of claim 40, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said property comprises resistance, and wherein said changing 
the reference level comprises changing a reference current used for sensing a level of resistance 
of memory cells in the array. 

44 (original) The method of claim 40, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-elcctrode layer comprises an ultra-thin layer 

45 . (original) The method of claim 40, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-clectrode layer, and said inter-clectrode layer comprises a layer of silicon dioxide 
less than 20 Angstroms thick. 

46. (original) The method of claim 40, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-elcctrode layer, and said inter-elcctrode layer comprises a layer of silicon dioxide 
less than 15 Angstroms thick. 

47. (original) The method of claim 40, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
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and an inter-electrodc layer, and said inter-electrode layer comprises a layer of silicon oxynitridc 
less than 20 Angstroms thick. 

48 (original) The method of claim 40, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-elcctrode layer comprises a layer of silicon oxynitride 
less than 15 Angstroms thick. 

49. (currently amended) A method for programming multiple bits of data in memory cells in a 
memory array multiple times, comprising: 

setting a property of memory cells in the array, said setting resulting in respective values 
for signals produced to sense the data having levels above or below a first set of reference levels 
to indicate multiple bits of data in said memory cells; 

resetting the array by changing the first set of reference levels to a second set of reference 
levels; and 

after said resetting, setting the property of memory cells in the array, said setting renting 
in respective values for signals produced to sense t he data having levels above or below the 
second set of reference levels to indicate said multiple bits of data in said memory cells. 

50. (original) The method of claim 49, wherein said changing the first set of reference levels to 
the second set of reference levels comprises changing references used for sensing levels of said 
property of memory cells in the array 

51. (original) The method of claim 49, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said property comprises resistance, and wherein said changing 
the first set of reference levels to the second set of reference levels comprises changing reference 
currents used for sensing levels of resistance of memory cells in the array. 

52. (original) The method of claim 49, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
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and an inter-electrode layer, and said inter-electrode layer is characterized by a progressive 
change in said property in response to said stress . 

53. (original) The method of claim 49, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-electrode layer comprises an ultra-thin layer. 

54,. (original) The method of claim 49, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-clectrode layer comprises a layer of silicon dioxide 
less than 20 Angstroms thick 

55. (original) The method of claim 49, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrodc layer, and said inter-electrode layer comprises a layer of silicon dioxide 
less than 15 Angstroms thick. 

56. (original) The method of claim 49, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrodc layer, and said inter-electrode layer comprises a layer of silicon oxynitride 
less than 20 Angstroms thick. 

57. (original) The method of claim 49, wherein said memory array comprises an array of 
memory cells, and said memory cells respectively comprise a first electrode, a second electrode 
and an inter-electrode layer, and said inter-electrode layer comprises a layer of silicon oxynitnde 
less than 15 Angstroms thick 



/// 
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